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Many oomplex ores are found in the West, which
contain zino in large quantities together with lead,
copper, gold, and silver in sufficient amounts to
yield a good profit could they be separated from

the zinc econOmically.

If suoh an ore were sent to

the smelter to be treated in a blast furnace for
the recovery of lead, copper, gold, and silver the
smelter would penalize the shipper for all zinc
over ten peroent.

On the other hand if the ore

were sent to a zinc smelter for direot treatment
there would be a penalty for excess lead pres'snt,
and the shipper would receive no pay for the
copper, silver and gold which it contains.

The

problem then is to separate the zinc from the
balanoe of the ore, making the residue suitable for treatment in the blast furnace, and
putting the zinc in a marketable form.

This can

be done by either of two methods, depending on

the character of the ore.

First by making use

of the difference in speoific gravity of the
different minerals i.e. mechanioal ooncentration
on jigB, tables, or flotation;

seoond by leach-

ing with some solvent for zinc after the ore has
been properly prepared.
methode may be used.
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& combination of these

The ora used for these experiments comee from
the Afterthought Mine, Shasta County, California,
and has the following composition:

---- --

Zinc

18.2%

Lead

4.8%

--

Copper

- -- - - -

3.33%

Iron

- -

-

7.9%

Calcium oxide

---

12.5%

-- - - - - -

Sulphur
Barium sulphate

-- - -- -

Silioa
Insolubles

18.7%
13.1%

-- - --

--- -- --

-

7.6%
21.2~

The ore is oomposed of zinc Bulphide,coppar sulphide,
lead sulphide, calcium carbonate, silica and barium
Bulphate in very finely divided partioles and intimately mixed.

Through this mass run stringers of

barite of considerable size.
For the mechanical treatment of an ore of this

nature, it must be reduced to such a size that all
the minerale would be fouhd free from particles of
gangue.

By crushing through different meshed and

examining under the microscope it was found that

the ore must be crushed to at least one hundred
mesh for the minerals.to be free.
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It was then subjeoted to several tests on the
tables, but practically no separation was obtained.
It was not thought advisable to try jigs, because when
jigs are w9rking on fine material they have a very low
oapacity.

Flotation was tried but no satisfactory

results ware obtained.

Not much time was spent on

~lotation,

because the ore was already very high in

sulphides.

No separation of the various sulphides

could be made, by this method, seleotive flotation
being as yet, undeveloped.
The next step was to find some manner of separating the zino by leaching methods.

Many experiments

have been performed on this ore by competent metallurgists but as yet no satisfactory method has been
devised for handling the proposition on a oommeroial

scale.

One method, tried by engineers, was leaohing

the ore with dilute ammonium hydroxide and carbon dioxide.
This method proved sucoessful in labratory experimenta,

but was probabi:y not sucoessful on a large Bcala because
no more has been heard of it.
In our experiments we gave the ore a 8ulphatizing
roast and lea.ched with sulphuric acid, taking the zino
and copper 1n solution and leaving the lead with the
residue.
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The results on tables, flotation, and leaching,

togetl1er with methods of procedure and conolusions
a.re a.s follows:

TABLES.

A representative sample of the ore was crushed
through 100 mesh and run over a 2 foot X 4 foot
Wilfley table.

The second experiment consisted of

running over the same table a portion of sized ora,
through 100 and on 120 mesh.

Samples of the con-

oentrate, middlings, and tails were examined under

the miorosoope, and it was seen that the table had
made but little if any concentration.

This was due

to the speoific gravities of the minerals, being so
nearly the same that no separation could be obtained.
These experiments proved that it would be useless
to continue on the tables so this work was abandoned
and flotation was started.

-6-

FLOTATION.
The experiments in flotation were started by
testing various oils for their seleotive and frothing action on the ore.
,

This was done by shaking in

a test tube, several grams of ore, one drop of oil,
and enough water to fill the tube two-thirds full.
The quantity and charaoter of the froth produced
was noted, a sample of which was examined under the

microsoope, and ita selective properties

determined~

In this wa, the oils beet suited for this particular
ore were found.
The Hoover type experimental machine with an
air lift attaohment was used in all of these experimente.
of pulp.

The oapacity of the machine is 4000 c. o.
A produot was drawn off, in every experiment,

at fifteen minute intervale.
follow.
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The results obtained
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The foregoing results from the flotation experiments show a small ooncentration in some instances
but not enough to be of value.

It will be noticed

that about the same peroentage of the lead, copper,
iron and zinc were brOl.i.ght up in each concentrate,
only a portion of the gangue minerals being eliminate1,
thus leaving the problem as compltcat3d as before.
The lead, oopper, iron and zino must be separated to get
any produots of value.

The diffioulties of separating

these minerals have been mentioned in the introduction.
There is a slight possibility that some soheme of
selective flotation might be worked to advantage.
This work was not followed up as it was considered
that the ore was more of a leaching proposition than
anything else.
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LEACHING.
To put the ore in a suitable condition for
leaching it must first be roasted, preferable sulphatizing if sulphuric acid is to be used as a.
vent.

801-

It was desirad to regulate conditions so that

the zino and copper sulphides were changed to sulphatas-,
which is their most soluble form, and the iron sulphide to the magnetio oxide, its most insoluble

form.

The object of this roast is to enable the

solvent to remove all the zinc and copper, leaving
the remainder as a residue.

Iron should not go

into solution as it interferes with the electrodeposition of the zinc.

A emaIl amount is not det-

rimental beoause it oan be removed with manganese
dioxide and air.
The ore in all our experiments was roasted to about

7 percent sulphur as fast as possible, then it was
roasted again for one hour at about 625 degrees
tigrade.

Cen-

At this temperature the zinc, lead, and

copper 8ulphatss are stable, iron sulphate is deoomposed into the oxide.

These conditions are the most

desirable for leaohing with sulphurio acid.

Three hundrei grams of are, orushed through one
hundred mesh, were roasted, gaining fifteen grams in

weight during the operation.

This proved to be a

rather poor roast but it was good enough to determine the beat strength acid solution necessary for
leaching and the best time for treatment to get the
greatest extraction.
For teat No. 1 10 grams of roasted ore was
leached with wsterfor 24 hours and the amount of
soluble zinc and copper was determined.
No.2, 3, and 4 solutions of 5,

IP

For teats

and 15 percent

sulphuric acid, respectively, were used.

The

following results are given in Table No.1.
The results given in Table 1 shOW that

8.

ten

percent solution ia the most economical because a
15 percent solution does not show a suffioiently
greater extraction to warrant its use.
Knowing the best strength of solution the next
problem was to rind the shortest time required to
make the beat possible extraotion.

This was det-

ermined by treating the same ore used in preceding
tests with a 10 percent solution and yarying the
time of contact.

The results are given in Table No.2.

The data giTen shows that the ore must be treated

three days to obtain the beat results.

As we became

more skillful in the roasting operation we out the

time of leaching from three days to two.
Having determined the strength of solution and
the length of time for treatment. the next problem
was to determine the size of material from whioh
the best extraotion could be obtained.

Four 100

gram portions of ore, crushed through 10. 20, 40
and 80 mesh respectively, were roasted, and 40
grams of each leached with a
phuric acid for two days.

lO~

solution of sul-

The results are tab-

ulated in Table No.3.
From the foregoing we found that, with a
good roast, a 10 percent solution and leaching
two "days, the beet extraotion is obtained by
using ore ground through 40 mesh.
HaTing the data required to give best extraotion under existing conditione, we tried
various Bchemes of roaating followed by the
leaching of these products.

The object of these

experiments was to determine the highest possible
extraction and under what
could be obtained.

set of conditions it

Three portions of ore thru

ten mesh and four through forty mesh were roasted
under as near the sama conditions as possible,
and samples of these were leached.
-18-

The results

are tabulated in Table No.4.
Teste Nos. 12, 13 and 14, through 10 mesh were
treated in an attempt to increase the extraction
previously obtained on material of the same size,
but in this we were unsuccessful as the best extraction was only 77.2 percent, which is too low
to oonsider.

Tests Nos. 15, 16, 17 and 18, in which

the ore was crushed through 40 mesh, gave a fairly
good extraotion when treated with a 10 percent solution of sulphuric acid and show positively that
no larger material can be treated economically.
The extractions for these four tests are practically
the same, varying only about six-tenths of a peroent.
Tests No. 19 to 22 were made in an attempt to
increase the extraction.

On test No. 19 the same

ore was used as in test No. 16, under the same conditions, only the solution was agitated by a continuous jet of air for two days.

The results show

a decrease in extraction which was probably due to
some mechanical error in our methods.
There was a possibility that the roast on the
material through 10 mesh was as good as that on 40
mesh, but that the ore was too coarse to allow the
-17-

leaching solution to penetrate to the oenter of
the grains and extraot the values.

Therefore, a

sample from test No. 14, whioh had given the best
extraotion, was crushed through 40 mesh and leached.
The results for this test are given under No. 20,

and show an increase of only four-tenths of one
percent, which proves that the ore had only been
changed to the sulphate for a small depth, the
oenter remaining unchanged.

Forty mesh material

from test No. 15 was then reduced through 80 mesh
and leaohed.

These results are recorded in test

No. 21, and show an increase in extraction of 1.8%.

The amount of iron gOing. into solution dropping
from 14.3% to

5.8~.

The extraotion of oopper de-

oreased from 4.7%, whioh was probably due to the
fact that the roasted ore was reduced on a buok
board where it was deposited as cement copper
being replaced in the ore by iron.
It is practical in a metallurgical plant to
leach with hot solutions, the heat being supplied
by means of steam pipes or by leaching the hot

calcines as they come from the roaster.

With

this in view our next test was to leach a sample
-11-

of the roasted ore, prepared in the same way as
No. 21, and heat it for 48 hours on a hot plate at
a temperature of about 75 degrees centigrade.
This gave the best extraction of the zinc and
copper.

The results will be found under test No. 22.
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Test No.

TABLE BO. 1

15~

10~
't

,I

10

10

10

10

Water

5tf, liz 5 0+

wt. of
ore

strength
solution

8.83

&.98

a.08

8.53

residue

wt. of

24

24

24

24

Time
hre.

100

100

100

100

Meah

1

R
z

....I

~

I

5.1
5.1

100
100

10~

10"

6.73
6.71

10
10

72

96

7.

5.7

~Zn

6.

Mesh

100

strength
solution

10~

Wt. of
Residue

6.95

Wt. of
ore

10

Time
hre.

48

No.

5.

Test

TABLE NO. 2

0.9

0.9

0.8

foCu

9.4

9.4

9.7

foFe

Residue

I

t\)

I
tI

48
48

40

10

11.

48

40

40

48

Time
hra.

20

40

9.

40

Wt. of
ore

10.

80

Mesh

s.

Teet 10.

TABLE 10.3

33.30
32.00

10~

32.20

10~
10%

31.59

8.4

7.8

4.1

7.1

1.0

1.8

1.2

0.8

Residue
weight
%ZN 10Cu

10~

strength
solution

7.9

8.2

8.5

8.8

%Fe

I

I

CI1I

ro

20

10
10
40
40

40

13.

14.
15.
11.
17.
~

48

4B
48

4S

20
20
20

20
20

40
40
40

10
80

19.
20.'
21.
22.

48

20

18.

~

4S

4S

48

48

hrs.

Time

20

20

20

20

10

ora

Wt. of

12.

4

Mesh

BO.

Test No.

TABLE

14.3

10~

14.1
14.1

10~

14.6

14.7

14.5

10"

10%

10"

10%

14.6

14.5

10~

10%

15.1

15.3

10~

10%

14.9

weight

10~

solution

strength

0.72

1.20

2.7
2.2

0.72

0.96
5.3

4.0

0.80

0.80

3.3
3.3

0.88

0.96

1.0

1.0

0.8

l00u

3.4

3.4

ti.O

6.S

5.3

%Zn

Residue

9.3

9.7

8.2

9.3

9.6

9.6

8.8

8.8

9.2

8.7

9.3
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CONCLUSIONS.
The experimental work on this ore covered
meohanical concentration, flotation and leaching.
From our investigations we found that mechanical
ooncentration could not be used successfully
beoause the limiting size of the ore was too small.
Flotation is of no use because the product obtained
.1s as difficult to treat as the

or~lnal

ore.

Leaching seems to be the only solution to the problem and our experiments show that a good extraction
can be obtained.

The conditions under which this

is accomplished are by' roasting 80 mesh material
to a sulphate and leaching with a hot solution containing 10 percent sulphuric acid.

We did not det-

ermine the exact time which would give best results
under these oonditions, but feel positive that a
better extraction could be obtained in much less
time than with a cold solution.
Another pOint brought out by our experiments
is that the roasting conditions which is necessary
to give a high zinc extraction a1eo give a -lower
extraotion of oopper.

In other words the greater the

extraction of zinc on the same ore, the less oopper
extracted.

This is probably due to the breaking up

of oopper Bulphate.

As the amount of zinc in

the ore is greater than the amount of copper, the
increased extraction of the zinc would more than
make up for the

1088

in copper.

Had time permitted we would have tried electrolytic deposition of the zinc to determine

if there

was anything detrimental in the ore, but we were
unable to perform any experiments along that line.
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